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Much of t h e  emphasis  of t r a d i t i o n a l  h igh  tempera ture  chemis t ry  i n  t h e  

p a s t  two decades has been  p laced  on t h e  e l a b o r a t i o n  of  thermodynamic, 

k i n e t i c ,  and s t r u c t u r a l  f e a t u r e s  o f  chemical sys tems.  Less  a t t e n t i o n ,  

p e r h a p s ,  has been g i v e n  u n t i l  q u i t e  r e c e n t l y  t o  the i m p l i c a t i o n s  o f  t h e  

r e s u l t s  of h igh- tempera ture  i n v e s t i g a t i o n s  f o r  t h e  s y n t h e t i c a l l y  o r i e n t e d  

chemis t .  It  has become i n c r e a s i n g l y  e v i d e n t ,  however, t h a t  t h e  v a r i e t y  

o f  unconvent iona l  and i n t r i n s i c a l l y  i n t e r e s t i n g  s p e c i e s  a c c e s s i b l e  i n  

s i g n i f i c a n t  c o n c e n t r a t i o n s  under  e n e r g e t i c  regimes are p o t e n t i a l l y  v a l u a b l e  

r e a g e n t s ,  and t h a t  t h e s e  r e a c t i v e  i n t e r m e d i a t e s  can provide  the means f o r  

s y n t h e s e s  o f  novel  sys tems n o t  y e t  ach ieved  by more u s u a l  r o u t e s .  

From the s y n t h e t i c  v iewpoin t ,  t h e  a v a i l a b i l i t y  o f  p o t e n t i a l  i n t e r -  

media tes  under e n e r g e t i c  c o n d i t i o n s  i s  o f  pr imary importance,  and t h e  

n a t u r e  of  t h e  e x c i t a t i o n  employed i s  perhaps secondary .  Accordingly,  

"high tempera ture" . techniques  i n  t h e  l i t e ra l  s e n s e  are  b u t  one f a c e t  o f  

a more genera l  s y n t h e t i c  r a t i o n a l e ,  which a lso embraces a l t e r n a t e  modes 

o f  e x c i t a t i o n  s u c h  as e lectr ic  o r  microwave d i s c h a r g e  procedures  and 

photochemical s y n t h e s e s .  Even more g e n e r a l l y ,  one may ex tend  t h i s  

s y n t h e t i c  v iewpoin t  t o  t h e  r a t i o n a l  u t i l i z a t i o n  o f  s t a b l e  compounds, 

themselves  formed by e n e r g e t i c  r o u t e s ,  which p r o v i d e  s o u r c e s  o f  preformed 
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submolecular  e n t i t i e s  n o t  o t h e r w i s e  a v a i l a b l e  f o r  s y n t h e t i c  e x p l o i t a t i o n .  

Thus, t h e  e n e r g e t i c  s y n t h e s i s  may provide  t h e  s t a r t i n g  p o i n t  f o r  a 

d e r i v a t i v e  chemistry t h a t  might n o t  b e  a c c e s s i b l e  by e x c l u s i v e l y  h igh  

energy procedures .  

I n  t h i s  paper ,  w e  d e s c r i b e  some r e c e n t  a c t i v i t i e s  i n  t h e  a u t h o r s '  

l a b o r a t o r i e s  u t i l i z i n g  t h i s  somewhat permiss ive  view o f  "h igh  tempera ture"  

p r o c e s s e s  as  a s y n t h e t i c  t o o l .  

The p r e p a r a t i o n  o f  c a t e n a t e d  systems i n v o l v i n g  e lements  o t h e r  than  

carbon i s  an  area i n  which s y n t h e s i s  has  t r a d i t i o n a l l y  r e l i e d  h e a v i l y  

on t h e  " e n e r g e t i c  chemistry"  approach.  

r e a c t i o n s  are a p p l i c a b l e  under  some c o n d i t i o n s ,  much o f  t h e  s y n t h e t i c  

p r o g r e s s  i n  t h e  area o f  c a t e n a t e d  hydr ides  and h a l i d e s  of  t h e  r e p r e s e n t a -  

Cive elements ,  f o r  example, has  r e l i e d  e i t h e r  on h y d r o l y t i c  procedures  

u s i n g  d e r i v a t i v e s  i n  which t h e  c a t e n a t i o n  i s  "preformed" by h i g h  tempera ture  

p r e p a r a t i v e  r o u t e s ,  o r  on thermal  o r  d i s c h a r g e  e x c i t a t i o n .  Thus, s y n t h e s i s  

o f  c a t e n a t e d  h a l i d e s  has  been f r e q u e n t l y  achieved  by d i s c h a r g e  r o u t e s  

involv ing  c h l o r i d e s  o r  compounds of t h e  h e a v i e r  ha logens .  Procedures  

involv ing  f l u o r i d e s  have been g e n e r a l l y  u n s u c c e s s f u l ,  and it is  f r e q u e n t l y  

assumed t h a t  t h e  r e a c t i v e  s p e c i e s  i n  f l u o r i d e  d i s c h a r g e s  are i n c o m p a t i b l e  

w i t h  r e t e n t i o n  o f  homoelemental bonding.  In t h e  c o u r s e  o f  i n v e s t i g a t i o n s  

While convent iona l  condensa t ion  

o f  t h e  d i s c h a r g e  r e a c t i o n s  o f  c o v a l e n t  f l u o r i d e s  o f  e lements  such as 

boron,  s i l i c o n ,  germanium, and phosphorus,  w e  have demonst ra ted ,  mass 

s p e c t r o m e t r i c a l l y  and i n  bulk ,  t h e  occurrence  o f  c a t e n a t i o n  i n  f l u o r i d e -  

based sys tems.  I n  more complex systems involv ing  s i l i c o n ,  halogen 

r e d i s t r i b u t i o n  and c a t e n a t i o n  t o  mixed h a l o p o l y s i l a n e s  has  been observed .  
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Some of t hese  compounds have subsequent ly  been prepared  by a l t e r n a t e  

r o u t e s  and i n v e s t i g a t e d  i n  d e t a i l  by NMR double resonance techniques .  

Of more g e n e r a l  occu r rence  i n  microwave-excited f l u o r i d e  plasmas is 

r e a c t i o n  w i t h  o x i d e s  o r  oxygen i t s e l f  t o  produce oxyhal ide  s p e c i e s  such 

as OBF and O S i F z  which appear  t o  undergo a s e r i e s  of secondary r e a c t i o n s  

t o  produce an array o f  simple and polymeric oxyf luo r ides .  P rogres s  made 

t o  d a t e  toward t h e  e l u c i d a t i o n  of p roduc t s  and o f  p r i n c i p a l  r e a c t i o n  

pathways s u g g e s t s  that r e l a t i v e l y  s t r a i g h t f o r w a r d  fou r -cen te r  a d d i t i o n  

r e a c t i o n s  of t h e  p r i n c i p a l  o x y f l u o r i d e  i n t e r m e d i a t e s  a r e  involved .  

The well-known d i s c h a r g e  s y n t h e s i s  o f  t h e  boron subha l ides  provides  

a ready source  of t h e s e  compounds, which exemplify a c l a s s  of r eagen t s ,  

a c c e s s i b l e  by e n e r g e t i c  routes,  f o r  which a n  e x t e n s i v e  d e r i v a t i v e  chemistry 

can be deve loped .  

have now been p r e p a r e d .  

metallic r e a g e n t s  have been observed i n  which t h e s e  compounds func t ion  a s  

a formal source o f  BX groups .  A comparison i s  sugges ted  w i t h  t h e  high- 

tempera ture  boron-halogen chemis t ry  i n v e s t i g a t e d  by o t h e r s ,  i n c l u d i n g  

t h e  p o s s i b i l i t y  that  t h e  nominally s t a b l e  subha l ides  may f u n c t i o n  under 

some  c o n d i t i o n s  as  low tempera ture  sou rces  o f  h igh  tempera ture  s p e c i e s .  

A number o f  h i t h e r t o  unrepor ted  organo d e r i v a t i v e s  

Reac t ions  wi th  a number of o r g a n i c  and organo- 

Photochemical e x c i t a t i o n  i s  a p a r t i c u l a r l y  a t t r a c t i v e  source  of a 

more s e l e c t i v e  ene rgy  i n p u t  i n  sys tems,  such  a s  o rganometa l l i c s ,  that  

a r e  p o t e n t i a l l y  deg radab le  by more r i g o r o u s  h igh- tempera ture  procedures .  

New s y n t h e t i c  r e s u l t s  in organoboron photochemistry i n c l u d e  t h e  syn thes i s  

of an  e thyny l  d e r i v a t i v e  o f  t h ree -coord ina te  boron. The r e l a t i o n s h i p  

o f  photochemical and o t h e r  e n e r g e t i c  p rocesses  has  been probed i n  s t u d i e s  

o f  f r e e  r a d i c a l  chemis t ry  of phosphorus.  The r a d i c a l s  PCla and PCl4 have 

been c h a r a c t e r i z e d  and  t h e i r  chemical consequences i n v e s t i g a t e d .  
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